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SUMMARY

The hydropower potential module (HPPM) is a qualitative characteristic of hydropower
resources that reflects the influence of various factors on hydropower production. Spatial
representation of hydropower potential modules, even for unexplored territories in this
context, gives an idea of the possibility of using their hydropower resources.

The method of creating a map of modules of hydropower potential is generally based on the
approaches of creating a map of runoff modules. A total of 4,630 sections and points
corresponding to them were involved in the calculation for the construction of the map. It
allows you to indirectly establish the value of the total hydropower potential for rivers and
their sections, as well as to determine the general trend in the distribution of hydropower in
the relevant river basins, depending on their orographic features. It has been established that,
in addition to runoff indicators, the value of HPPM is quite closely related to the slope of
rivers. The maximum values of hydropower potential modules are typical for the
mountainous territory of Ukraine - for the rivers of the Carpathians and the Crimea (up to 150
kW/km?), the minimum - for the Black Sea rivers basin (0.1 kW/km?).
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Introduction

The increase in the cost of traditional energy resources and their exhaustion encourages an increase in
the specific weight of alternative renewable energy sources, which is relevant for strengthening
energy independence and energy safety of the state (Energy Strategy of Ukraine for the period till
2030, 2006). Therefore, the use of the energy potential of the Ukrainian rivers is one of the key
solutions to ensure the energy needs of the country's economy (Law of Ukraine, 2003; Vasko, 2010).
The hydropower potential module (HPPM) is a qualitative characteristic of hydropower resources that
reflects the influence of various factors on hydropower production. It demonstrates the amount of
energy in kilowatts that can be obtained when using river runoff from 1 km? without regulation at a
corresponding water pressure of 1 m (Avakyan et al., 1967).

Spatial representation of hydropower potential modules, even for unexplored territories in this
context, gives an idea of the possibility of using their hydropower resources (Palamarchuk, 2001).

Method and Theory

To determine the value of the hydropower potential module for characteristic sections of the
Ukrainian rivers, HPPM were calculated according to the following formula (Avakyan et al., 1967,
Obodovskyi et al., 2020 a):

HPPM = Egen/F, )]

where Egen is the amount of hydropower potential on the river section, kW; F - catchment area of this
section, km?.

An important aspect of the presentation of hydropower potential modules is their spatial distribution.
The method of creating a map of modules of hydropower potential is generally based on the
approaches of creating a map of runoff modules (Obodovskyi et al., 2020 b). For each section, the
catchment center was determined and marked on the map as a point object, to which the values of the
total hydropower potential of the sections were assigned (Obodovskyi et al., 2020 a). A total of 4,630
sections and points corresponding to them were involved in the calculation for the construction of the
map. For each point, the value of the modules of the hydropower potential is entered. Using the same
algorithm as for the construction of a map of runoff modules (Obodovskyi et al., 2020 b), a map of the
hydropower potential modules of the rivers of Ukraine was constructed (Fig. 1). Taking into account
the density of points, this map is more detailed, which allows you to accurately capture these
indicators from the territory of one or another river catchment.

Results

Based on the above approaches, a map of hydropower potential modules was built for the territory of
Ukraine, as well as for the main areas of river basins (Fig. 1-4).

It is worth noting that the isolines of the potential modules largely correspond to the location of the
isolines of the runoff modules (Obodovskyi et al., 2020 b). This correspondence primarily proves the
fact that the main component of the river's energy potential is the runoff (4vakyan et al., 1967;
Obodovskyi et al., 2020 a).

Research has established that, in addition to runoff indicators, the value of HPPM is quite closely
related to the slope of rivers (Vishnevsky, 2000). The greater the slope of the river, the greater the
increase in the HPPM indicator. Therefore, the magnitude of the slope can be interpreted as depending
on the topography of the area.

Thus, the map of hydropower potential modules (Fig. 1) makes it possible to indirectly establish the
value of the total hydropower potential for rivers and their sections, as well as to determine the
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general trend in the distribution of hydropower potential in the relevant river basins depending on
their orographic features (Kukurudza et al., 1996).

Figure 1 Map of the hydropower potential modules of Ukrainian rivers, in kW/km?

The modules of the hydropower potential of most rivers of the plain territory of Ukraine are
characterized by values of 0.2-0.8 kW/km? (Fig. 1). The highest values are observed within the
catchment area of the Syan River within Ukraine (the Vistula basin) with values of 10-20 kW/km?, the
lowest values are observed for the rivers of the Black Sea region with values of 0.1 kW/km? (Fig. 1).
The rivers of the right-bank part of Dnipro basin are characterized by values of modules of
hydropower potential in the range from 0.4 to 0.6 kW/km?. The largest modules of hydropower
potential with values of 1.0-2 kW/km? are characteristic of the Pripyat tributarias within the
Slovechansko-Ovruchskyi mountain-ridge (Noryn, Slavechna rivers) (Korniienko et al., 2021) and in
the upper catchment of the Kamyanka river (the Lower Dnipro subbasin).

For the left-bank part of the Dnipro, the values of HPPM for the majority of rivers are 0.2 kW/km?.
Their highest indicators are noted in the upper reaches of the rivers of the Desna basin within the
borders of Ukraine (Bolbot et al.,2021) and for the upper reaches of the Psel and Vorskla rivers within
the borders of Ukraine (the Middle Dnipro subbasin) - 0.4-0.6 kW/km?.

Values of 0.6-0.8 kW/km? are typical for the majority river of the Vistula basin, the highest modules
with values of 2-5 kW/km? are noted in the upper part of the Vyrva River, the lowest - 0.2 kW/km? for
the Luga River.

For the rivers of the Southern Bug basin, the values of HPPM are characteristic in the range of 0.4-0.6
kW/km?. The highest values are recorded in the upper part of the Riv River, where hydropower
potential values reach 0.6-1 kW/km?. The lowest values of HPPM are characteristic of the lower part
of the Southern Bug river basin and the Ingul River - 0.2 kW/km?.

Against the general background of the distribution of modules of the hydropower potential of the
rivers of the plain part of Ukraine, the rivers flowing from the Donetsk mountain-ridge and the Azov
upland within the boundaries of the Don river basins and the rivers of the Azov region stand out
somewhat - 1-3 kW/km? However, most of the Siverskyi Donets basin within Ukraine is
characterized by the distribution of isolines with values of 0.2-0.4 kW/km? (Fig. 1).
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The analysis the map of the hydropower potential modules of the Ukrainian rivers showed that its
maximum indicators are characteristic of the mountainous territory of Ukraine - for the rivers of the
Carpathians and the Crimea. Therefore, it is worth highlighting two fragments of maps for the rivers
of the Carpathian region (Fig. 2a, b) with characteristic values of HPPM of 50-70 kW/km?. The
largest modules of hydropower potential are observed on the rivers of the Transcarpathian region in
the upper reaches of the Borzhava, Ripinka, Rika, Chorna Tysa ta Bila Tysa catchments, where the
values ranged from 100 to 150 kW/km?. Within the Carpathian highlands (headwaters of the Tisza
and Prut river basins), the potential modules are also quite significant - 60-100 kW/km?. Starting
from the midlands to the foothills, the values of the potential modules gradually decrease to 20
kW/km?. For the rivers of the Dnister and Siret basins, the typical values of HPPM are 50-70
kW/km?. The highest values are characteristic of the Stryi river basin, since the foothills occupy a
larger area in the Dnister basin than in the neighboring basins.

Figure 2 Map of hydropower potential modules in kW/km?: a) rivers of the Danube basin (subbasins
of the Tysa, Prut and Siret), b) rivers of the Dnister basin within Ukraine

For the Crimean rivers, the values of the modules of the hydropower potential of the rivers are smaller
than those of the Carpathians, and their highest values are recorded within the southern slope of the
Crimean Mountains, where they reach 15 kW/km? (Fig. 3). This is due, first of all, to the significantly
lower runoff content of the Crimean rivers.
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Such spatial changes of the HPPM modules for the rivers of the Carpathians and the Crimea are
primarily related to the high situation of the catchments, their slope and the runoff content of the
rivers.

Conclusions

The isoline map of the hydropower potential modules of the Ukrainian rivers, created according to
modern data with the using GIS analytical functions, is relevant and has important practical
significance. It allows you to indirectly determine the total hydropower potential for rivers and their
sections, as well as to establish a general trend in the distribution of hydropower potential generation
by the relevant river basins depending on their orographic features. The maximum values of
hydropower potential modules are typical for the mountainous territory of Ukraine - for the
Carpathian and Crimea rivers (up to 150 kW/km?), the minimum values - for the Black Sea rivers
basin (0.1 kW/km?). It was established that the isolines of the potential modules largely correspond to
the location of the isolines of the river runoff modules.
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